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S ABSTRACT

This is the final rfport frr an i.nvestigation of

the microwave attenuat'on and salt spray resistance of

protective coatings on the inside of 1 x 1/2 brass wave-

guide. Sixteen finishes were tested at X-Band before

salt spray, and several were found to have a very low

attenuation. The loss is insignificant except at the

high end of the band. The test samples -ere subjected to

100 hours salt spray, after which the finishes in general

S. showed little corrosion, and there was no significant

increase in attenuation.
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PART I

(A) Purpose

The purpose of this contract us to investigate materials

in order to determine the optimum "paint" finish for RG-69/U,

RG-48/U, RG-52/U, and V avy type 14 ACM Waveguide. The inves-

tigation is primarily concerned with the finish as applied to

the Insid-ý of the va~vej'uido. Painting the inside of the

waveguide will add slightly to the electrical loss; however,

the attenuation remains constant over a longer t.riod of time,

and the ultimate loss is less than that for the unprotected guide.

The presently use ' finish for the protection of the inside of wave

guide is zinc-chromate primer. The finish resulting from this

investigation shall be better than the zinc chromate in the

following requirements.

( (a) The protective finish shall protect from corrosion brass,

silver plated brass, stainless steel, and silver or nickel plated

stainless steel during 100 hours salt spray.

(b) The protective finish when applied to the inside of wave-

guide shall have the lowest possible electrical lose before and

after salt spray in requirment (a). In addition to the pre-

ceding requirements the protective finish shall be capable of

easy field application.

(B) Factual Data

(1) Introduction:

In accordance with the specifications of the contract, the

investigation was conducted in the 8200 to 12,400 Mc. range, and

the tests were made on RG-52/U waveguide, ( I x 1/2 O.D. Brass).
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Electrical measuremen'r.2 were iade at the flo.owin!ý five

frequencies: 8,200 Yc., 9300 Mr., 10,300 'ic., 11,400 "Ic.,

and 12,400 Mc.

Each test sample consisted cC a 24" straight section of

RG-52/U waveguide with a UG-39/, cover flange terminating each end.

The finish to be tested was coated on the inside of the sample.

Comparison of thz uttofuat½t the cnated sample with that of

an uncoated .,ives the attennation contributed by the finish

The initial part of the program was an investigation period

for the purpose of selecting the finishes for test. During

this period an engineer worked in conjunction with a paint

consultant and various paint manufacturers with a final result

of a choice of sixteen finishes. The selections vere based on the

* past experience and claims of producers of protective coatinrgs and

Sproducers of raw materials for protective coatin-s.

(2) Preliminary Investigation and Selection of Finishes

The following factors were considered in the selection of

the finishes:

(a) Good resistance to salt spray.

(b) Low electrical loss.

(c) Easy field application - Air drying finishes not
requiring baking or special techniques.

(d) Availability - Finishes should be commercially available
in finished for.m or capable of being produced hy most paint
manufacturers from readily L.,'alable raw materials.

The coatings include standard comnercial finishes that were

recommended by paint manufaceurers and special formulas

submitted by the paint consultant. Identification of the seventeen

O samples are given in Appendix A. They include the following

general types:
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(a) Aegular :'-ii a c an>ydrile alkq 1,, rasLns.

(b) FhenolatedJ A1:, jd 1Lesins.

(c) Styrinated Alkyd Resins.

(d) Vinyl Resins

(e) Epoxy Resins with Catalysts.

(f) Acrylic Resins.

Regula pli.thal .1c -7... rrsins have a long period of

experience in commercial production and applications. Besides

the large producers of raw matefial, such as American Cyanamid Co.,

U.S. Inaustrial Chemical Co., Reichold Chc.icals Inc., General

Electric Co., and Shervin Williams Co., there are many small paint

companies that manufacture alkyd finishes. There is a wide range

of finish possibilities. Among the factors that affect its

properties are ie oil length, the nature of the oil used, the

phthalic anhyaride content, ester-ifying aents, and tlhe amounts

and kinds of dryers. Sample No. 7 is an oil modified alkyd.

Styrinated Alkyds are alkyds modified with styrine or its

derivatives. Sample No. 11 .:as made with ;he U.S. Industrial

Chemicals, Inc. Arapol 850., however, other• manufacturers also

produce styrinated alkyds.

Bakelite Corp . is a producer of Vinyl Resins. They recom-

mended Carroll Coating;s in New Hyde ParR, N. Y. asa supplier

of a sampld. Carroll suggested their "Everbrite" (Sample No. 9),

an Acryli, 'ITny, e,,.m;iti-' :h..cn )ses Baelite's VMCA and

VYHH resins. It was recommended by Bakelite that pigmentation

be added to the coating for protection against ultraviolet

lignt which would otherwise have deteriorating e ffect on the

O resin film.
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A clear vinyl frltsh ua; submitted by A. C. Horn 3Sample

No.. 17).

tSamples No. 6 and No. -4 are Epoxy type resins. E ooxy resins

differ from tile usual type3 In that they set due to the action of

catalysts. While th,• catalyst and the resin are separately stable,

the mixture of the two has a l~mited pot life. This might be

consldev'el as a dl3advantaje since the mixture must be used in a

limited length of time. These finishes have the advantage that

once the film is formed, suceeding coats do not disolve it, thus

acting as a remover; theri'foie, the total thickness can be easily

controlled.

Sample No. 4 is a "Epon" resin which does not require a

catalyst; however, it still has the characteristic of a permanent

film once it is set.

The acrylic resin sample was furnished by Rohm & Haas.

Sample No. 12 is their Acrylois No. B-72. Acryloid B-72 may be

used as a complete film foraer, or combined with- other film

forming materials as polyvinyl copolymers, nitrocellulose,

ethyl cellulose, chlorinated rubber, etc. For greater flexibility,

plasticizers may be used such as bibutyl sebacate, dibutyl phthalate,

chlorinated diphenyl, tricresyl phosphate, etc.

The formulas for some of the preceeding samples are known

since they were made up either in our laboratory or by the producers

of the raw rzterials The reiaining samples are private formulas

of paint manufacturers, and they are not available.

(3) Preparation of Test Waveguides

The length of the sample guide was selected as two feet.

This is short enough so that the inside of the guide can be easily

coated, and as described later, the length is sufficient to give

an attenuation value of an order that can be measured accurately.
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Considerable corolideration was given t., the Yiethod for

coating the haide of :,he waveguide, and it was decided that

dipping the guide in the paint and withdrawing lengthiwise at a

controlled rate would give a s:iooth, even film. Since dipping the

2' sample would require a coiaparatively large amount of paint,

large paint containers, and a mechanism for withdrawing the guide,

a method which is equivalent to dipping was used. With the sample

in a vertical po3ition, the "uide was filled with the coating

material which was allowed to drain through a valve at the bottom

end. By controlling the rate of drainage with the valve, the film

thickness can be varied; a greater film thickness results witn a

fast drainage rate.

Other factors that affect the film thickness are the solid

content and drying time of the coating matetial. A greater film

thickness occurs with short drying time and high solid content.

A solid content of approximately 40% was recommended as optirmum

for dipping.

Depending on the drying time of the material, the drainage

rate was between 1 and 3 inches per minute. This gave a smooth,

even coat with a thickness of .0002 to .0003 inches. Several coats

were applied so that a total thickness of .001 inches resulted.

The total thickness was controlled in order to establish a uniform

basis for comparing the electrical properties of the various finishes.

In some of the finishes, the first coat applied was disolved

by successive "dippings" with a result of little film build up

beyond the first coat. Samples No. 2, 8, 9, 13 and 16 showed this

characteristic to the greatest degree. For these capes the finish

thickness of .001 inches had to be attained by fast drainage.

C@ Even with the high drainage rate, the film was maintained smooth

and even.
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!(4) Attenuation Measurement of Samples

The attenuation of the test sample was determined by

measuring the ratio of the incident to reflected power at the

input end of the guide with the other end terminated by a waveguide

short circuit.

zWith reference to Fig. 1, the incident power P1 Is attenuated

by an amnount i in traveling the length cf the test sample.

At the short circuit, tLe pcwer in reflected and is again

attenuated by o0. in traveling back to the input end. If the

reflected power is P2 then: vle <A_•e

FIG- 1

The voltage standing wave ratio r is related to the ratio

of power reflectea by:

-C, x (2)

Substituting (a') into (1)

r-P (3)

Equation (3) is true if the impedance of the test sai.iple is

perfectly matched with the line which is the case since it is a

straight section of waveguide.

Equation (3) assumes that there are no losses except tnose

in the test sample; however, the attenuation measured with the

test sample in pl.',p A.- the 9um of the loses in the test sample

plus the loss in the waveguide short circuit, the losses in the

waveguide Joints, and the losses in the impedance meter. As

explained in Appendix B, these losses can be considered as an

attenuation terminated by a perfect short circuit, thus they can

be determined by measuring the VSWR with the waveguide short

connected directly to the impedance meter. The attenuation of

the test sample C~e is:Pae______
Pag
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minimur to determine the VSVR. To apply this r.ethoO it is

necessary to measure the distance between points of a predeterrn-

ined power level on each side of the rminimui-i; the power level

Sof the points is usually several til•.es the power at the

tainimum. The measurement points were taken as 10 db. above the

n.inimuM in which case the VSWR is related to the distance d

between ptots •y: (6)VSZ. W. ('•= 6

where the guide wavelength is in the same units as d.

A detailed description of the measurement method and procedure

is 4lven in Appendix B.

(5) Results of Attenuation Measurements and Salt-Spray Tests

Before salt spray attenuation measurements were raade on 16

coated samples, and for comparison the attenuation of an uncoatedr guide was measured. The results of these measurements are given

in Table I and they are shown graphically in Fig. 2-1 through

2-17. Given in Fig. 3 is the theoretical attenuation of 1 x

1/2 0. D. (90/10 Bronze) waveguide. The measured attenuation

of the uncoated guide follows the same shaped curve as the

theoretical, but as expected the measured values are slightly

higher; the average is approximately 22% greater. Compared to

the measured uncoated guide, the attenuation of tCie coated sample

is higher in every case. The attenuation of the coated guide

is composed of the conductor losses of the uncoated sample

plus the dielectric losses of the coating. Since the dielectric
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losses are proportional to frequency, the increase in the

('I, attenuation due to the coating is greater at the higher

frequencies. The apparent best of the samples (#17) shows an

attenuation increase of .001 db/ft over the band; however,

this small increase Is less than the accuracy of the measure-

ments. The maximum error of the measurements is approximately

plus or minus 1%, althouh the averaGe accuracy should be

better. Since the differences in the attenuation for several

of the samples are less than the measurement accuracy, these

samples can be assumed to have equally "ood performance. Samples

2, 3, 5, 8, 9, I, 12, and 17, all showed increases that are

about the same: within the accuracy of the measurements; the

average increase is about 10% or .005 db/ft above the measured

uncoated sample. The remaining samples show various degrees

- of higher losses up to about a 40% increase in attenuation.

After attenuation measurements, the test pieces were sub-

jected to one hundred hours salt-spray In accordance with

Oeneral Specification for Inspection of 14tl. App. Il. Part G,

and the attenuation was again measured at five frequencies. The

measured points are plotted in Fig. 2-1 through 2-17 with the-

previously measured results. There is no significant increase

in attenuation due to the salt spray for any of the test

samples except Sample No. 1, which had no protective coating.

In the case of Sample No. 1, the increase is approximately 10%.

The guides were then cut open for a visual Inspection of

the inside surfaces. This was necessary because the deter-

ioration of the outside finish would not necessarily be the

PaGe 11



same as on the inside for several reasons. The thickness and

application of the inside surface finish were very carefully

controlled whereas the outer surface finish was applied m:ierely

for protection during salt spray and precise control was not

exercised. Also, the inside surfaces were not as severely

exposed during salt-spray, and the outer finish was not aged as

long as the inner finish. The outer finish was not applied until

after all tests prior to salt-spray were made so that handling

would not damage the coating.

Every coated guide had a good inside finish after

salt-spray. The conditions of the coatings are listed in Table

II. Finishes described as "No Corrosion" show no sign of det-

erioration. The others show spots of discoloration and pitting.

The spots are small and sparcely spaced, and the total area of det-

Serioration is a small percentage of the total surface area.

"Discoloration" describes a spot where the metal is discolored

with the protective coating still intact. "Pittingý' and

"Corrosion" is a spot where the finish is broken and the metal

has a pit with green corrosion products.

(C) Conclusions

(1) The losses due to the zinc chromate coating on the inside of

1 x 1/2 waveguide is small (of the order of .004 db/ft) where the

film thickness is kept smooth and even and approximately 1 mil.

thickness. Althougi finish No. 17 appears to have less lose than

zinc chromate, the 2:..atl difference is less than the accuracy

of the measurements and it can be concluded that several finishes

( 3, 5, 8, 9, 11, 12, and 17 ) have about the same loss as the
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zinc chromate. All of these finishes with the exception of No.

S3 snowed little or no corrosion after 100 lirs. salt-spray. Of the

finishes just ,-aentIoned which showed attenuation comparable to

zinc chrolmate, finishes 8, 9, 11, 12, and 17 had adhesion

better than the zinc chromate.

(2) Sinc: the losses of the dielectric filma vary directlj with

frequency, they would be m.•uch greater at higher frequency, where

in addition to the oreater dielectric losses, the film thickness

is a -reater proportion of the waveguide dimensions. Losses for

the same finish would be Insignificant in Suide sizes lar-er than

1 x 1/2 for most practical purposes.

(3) There was no noticeable change in attenuation due to 100

hours salt-spray.

ai I

i
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PART II

RECOMMENDATIONS

1 l. It is recommended that tLe use uf zinc chromate bo cont:inued for the

protection of the inside of waveguide sizes larg:er than arid :Ancluding

"X-band. The small imprce-ient '.n attenuation of r;ome ot the finishes

investigatod does not warrant the standardizatiLn of another paint.

2. The method for coatin6 toe in- I:le of waveguide Bhomld b-) changed'ý from

that dq,:ocr.'boc), iij the "Fr Ic r•,nxe Insta.lIlation Practice, Manual-Rigid

R.F. Transnission Lines" to the method given in this report. Pouring

the paint out of the oper. end of the waveguide results in a thick

uneven coa;u with loss greater than that of a coat applied by slow

drainage of the paint.

3. Since the investigation described in this report indicated that losses

in the various finishes become more significant in the upper frequency

range for the X-band waveguide, namely in the vicinity of 12,400

t (7 megacycles, and since it is further known that this type of loss is

an increasing function ef freqcuency, it is recommended that a new

investigation be initiated. This investigation should be directed

toward a study of the attenuation, before and after exposure, at

higher frequency in the smaller wave guide sizes. The :ests to simulate

exposure should be much moro severe than 100 hours salt spray in order

to simulate more accuratEly the actual conditiovs of use over a long

period of time. Such an investigation wouli make use o' only the

finishes which appeared rest feasible in tha investigatlcns described

herein.
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PART III

Appendix A

IDENTIFICATION OF FINISH{ES

Saml

1. No Finish

2. Aircraft Zinc -Chromate primer specification MIL-P-6889A,
Randolph Products Company, Carlstadt, N. J.

3. Black, Insillat-i-- Varnish, E. I. Dui Point De Nernours & Co.,

4a. ilodif led Epon Resin,, Benjamin Moore &:Co., # 74 Clear

6. Epoxy Resin Type, Ciba Company, Inc., Ciba 0 199 (50% solid)
Catlyst 5phrCiba # 930 Hardener. achl

8. Pnutcoat BX Gray Enamel, Prufcoat Laboratories, Inc.,
New York, N. Y.

9. Carroll Products Inc., New Hyde Park, N. Y., "Everbrite".
Acrylic Vinyl Comiposition, gray pigmentation.

10. Phenolated Alkyd, Reichold Chemi~cals, Inc., Elizabeth, N. 3.

Solid 4QO% Solvent 60%

90% P531 Beckosol Solvesso - 100 100%

1%1338 Beckosol

Dryers added U .4% lead in form of lead naphthenate
0.011% cobalt in form of cobalt
naphthenate based on solid resin
content.

CC:.Pages 25
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Appendix A

IDENTIFICATION 0F FINISH[ES
(ca nt.)

11. Styrinated Alkyd, U. S. Industrial Chemical,, Inc.

Solida' 40% Solvent 60%

U. S. 1. Aropol 880 Xylene
Solvesso 100

Dryer added - .04%, cobalt, based on solid resin content.

12. Acrylic Resin, Rohmn and Haas Co., Philadelphia, Pa.

Solids 42gSovet%

A cry loid B-T2 Toluene

13. _ _ _ ht irD i 279 iy TpRnop
Products Co., Carlstadt, N. J.

141. Epoxy Resin Type, Shell Chemical Corp. Formulation

Solids 60% S12t4,

Epon 1001 9T% IMethyl Isobutyl Ketone 33.3%
Beetle 216-8 0%"Cellosolve"333

07oXylene U.4%

Catalyst, 6 phr diethylene triamine based on Epon
resin solids.

15. "Corrosite" coating, Reliance Paint Co., Inc., Brooklyn, N.Y.

Three coat aystes:I
Coat 1 - '4 parts Corroal e # 44~ Primer mixed with1

Coat2 -part Corrosite $44 Primer Thinner Catalyst.
Coat2 -Corrosite # 44 Tiecoat

Coat 3 - Corrosi'te # 22 Top Coat

16. Clear Air-Dry U~p # Z-7592,, Vinyl Type., Randolph Products
Co., Car'lstadt$ N. J..

17. Clear Vinyl, #PD-2'&22, A. C. Horn Co., L. 1. City, N. Y.

Pace !6



Appendix B

DESCRIPTION OF MEASUREMENT ITHOD

A diagram of the measuremaent set-up is shown in Fi1o. 4. The

voltaZe standing wave ratio looling into the test sample is determ-

ined by measuring the travel of the impedance meter between

power points 10 db. above the minimuin of the standing wave in

the line. A precisattl .0 db. .icrowave attenuator is used as a

reZerence to determine the 10 db. points, in which case a constant

power level is maintained into the crystal mixer, thus eliminating

errors due to the response characteristics of the mixer and the

receiver. Buffer pads are located before and after the precision

attenuator which serve to provide a matched line on each side of thk

p.recision attenuator and also isolate the ilystron to prevent
"pulling" as the precision attenuator is changed. The si.nal is CW

of frequency fl" ThG L. 0. signal is tuned to a frequency f2 which

is 30 1,10. from fl, and the 30 Mc. output of the mixer is detected

by a 30 Me. receiver.

With the test sample in the line as shown in Fig. 4, the VSWR

is measured. The calculated attenuation from the measured VSWR is

the loss in the test sample plus other losses that might occur,

such as the loss in an imperfect waveguide short circuit, the loss

in the short section of line in the impedance meter between the

probe and the input flange of the test section, and losses in the

flange Joints. The loss in the waveruide joint between the test

sample and the waveguide short was essentially eliminated by pos-

itioning the short; 14_from the joint which places a current

Page 17
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mtlnimu.i at the Joint. Loss in the joint 1,etween the Irnnedance

C Meter and the test sample was checked experimentally. The

adjustable short was moved so that a current i:iraxirut. and iiii.iur.

alternately appeared at the Joint and no appreciable change was

noted in the depth of the standing wave minimr.u:, indicating that

the Joint had negligible loss. The remaining losses that might

cause error were measured with the test sample removed from the

line and the adjustable short connected directly to the Impedance

Meter. The losses to be measured can be considered as an attenuator

terminated by a perfect short. This attenuation is measured in the

same manner as the attenuation of the test sanple.

The attenuation of the test sample is:

, • • C<T-

where OTis the attenuation measured with the test sample in

place and ((.S is the attenuation measured with the waveguide

short connected directly to the Impedance Meter.

Possible errors in the measurements can be attributed to

several sources, one of which is the accuracy to which the 10

db. power points are set. The -elibrated attenuator used has

arn :ccuracy of plus or minus 0.2 db. including the setability at
the 10 db. point. Power variations in the signal source and

variations in the receiver response were estiniated at approximately

plus or minus 0.1 db., and the setability of the power level at

the 10 db. points was approximately plus or minus 0.2 db; this

Page 18
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Clatter error was partly caused by the scl-ability of the drive

.ech~Ui8:A on the iiipedancc meter and partly the setability of the

Indicator on the receiver. The total err'or of setting the 10 db.

points is plus or minus 0.5 db. w'ich would cause a r.nxiut.i

error of approximately 6% if all the errors added in the same

direction for both points wa1ih is unliikely. The second source

of error is in the measurement of the displaceý..ent between the

10 C'•. points. The longgest distance measured was accurate to

approximately plus or minus 1.0% resulting in an attenuation error

of approximately 1.0%. Attenuation measure~lent of the short circuit

connected directly to the I::pedance Meter was possibly in error

plus or minus 10% because of error In .easuring the displacement

and 10 db. points. This would result in an error of about plus

or minus 1.5% of the attenua.tion of the test sample.

Other small errors such as frequency modulation of the

klystron, errors in 9 due to tolerances in frequency and

dimensions of the Impedance Meter, and error in EQUA.6 , probably

bring the total error in the attenuation measurement to approx-

imately plus or minus 10%.
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TABLE• I

MEAZ3UIIEU ATTENU&TION OF TEST ?IECES
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17 -O7- - - 4 - -U60 0.051 - -. 5
Code.9' Attenuation before Salt Spray db/ft

cP4- Attenuation after Salt Spray db/ft
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TABLE II

/ INNER SURFACE INSPECTION AFTER SALT SPRAY

'N\ 1. Severe pitting and discoloration on two walls -

one narrow wall and one broad wall. partially corroded.

2. No corrosion.

S. Spots of green corjsj.on on one narrow wall and two
corners.

S4. Spots of green corrosion in two corners.

5. No corrosion.

6. Spots of pitting and discoloration on one narrow wall
and one broad wall.

7. Discoloration at ends of guide, few spots of corrosion
in one corner.

8. No corrosion.

" 9. No corrosion.

10. No corrosion.

11. Spots of discoloration in two corners.

12. Spots of discoloration on one narrow wall and one
broad wall.

13. Spots of discoloration under film (not visible through
white pigmented coating.)

14. Spots of discoloration and green corrosion in two
corners,

15. No corrosion.

16. Several small spots of discoloration on one narrow wall.

17. Several small spots of discoloration.
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